The aim of the study is to investigate the spatial and seasonal variation of precipitation in Greece using multi-temporal data analysis techniques. Mean monthly precipitation grids at 1 km 2 resolution for the period 1950-2000 were used in the analysis. Cross correlation quantified spatio-temporal patterns which are summarized as follows a) the absolute correlations of precipitation versus elevation and longitude are minimized during the winter period, b) the latitude dependency of precipitation presents a seasonal shift where winter precipitation tends to be higher in northern Greece, while summer precipitation tends to be higher in southern Greece. Principal components analysis indicated that the first two components account for the 92.8% of variance in the spatio-temporal variability of precipitation. Cluster analysis segmented the terrain to 27 regions with distinct seasonal variability of precipitation. The majority of irrigated agricultural land (plains of Macedonia, Thessaly and Thrace) belong to clusters which present the lowest values of annual precipitation (<600 mm year -1 ). The derivation of precipitation signatures for each region of Greece using the proposed terrain segmentation approach can support environmental decision and agricultural planning at a regional (country) scale in relation to water resources management.
Introduction
Precipitation is one of the most important hydroclimatic parameters because it regulates the available water for evaporation from soil, transpiration by plants, surface runoff, groundwater recharge and soil moisture increment. These elements are essential for the development of water management planning for agricultural, domestic and industrial-energy uses (McMahon et al., 2011; Thenkabail et al., 2012; Demertzi et al., 2014; Kaffas and Hrissanthou, 2014) . SPATIAL AND SEASONAL PATTERNS OF PRECIPITATION IN GREECE 989 The intra-annual and spatial variability of precipitation for different time scales and sub-regions of Greece have been analyzed using different techniques of multivariate data analysis (Papamichail and Metaxa, 1996; Metaxas et al., 1999; Fotiadi et al., 1999; Loukas et al., 2001; Bartzokas et al., 2003; Oikonomou et al., 2008; Stathis and Myronidis, 2009; Stathis and Mavromatis, 2009; Nastos and Zerefos, 2010; Feidas et al., 2013) . On the other hand, a major drawback of such analyses is that a terrain segmentation framework according to the hydroclimatic parameter under study (i.e. precipitation) has not yet been defined for Greece. Thus, sub-regions with distinct seasonal precipitation variability can be defined with the implementation of multitemporal data analysis techniques.
Representative examples of terrain segmentation techniques have been applied using multi-temporal data of land surface temperature (LST) in an attempt to define sub-regions with different seasonal LST variability, to assess its sensitivity to climatic change and to support environmental analysis (Maeda and Hurskainen, 2014; Miliaresis, 2009; Miliaresis and Partsinevelos, 2010; Miliaresis and Tsatsaris, 2010) . In addition Miliaresis (2013 Miliaresis ( , 2014 proposed a method for standardizing multi-temporal LST imagery in order to reveal and describe thermal anomalies using elevation, latitude and longitude dependencies.
The available global grids of monthly precipitation data (Hijmans et al., 2005; Sheffield et al., 2006 etc) stimulate the need for the implementation of terrain segmentation techniques to the hydroclimatic parameters analysis. Such a research effort can quantify the environmental suitability of a certain terrain sub-region according to its distinct seasonal precipitation variability.
The aim of the study is to propose a terrain segmentation framework for the analysis and interpretation of multi-temporal precipitation data. Towards this end, the seasonal variability of precipitation in Greece for the period 1950-2000 will be captured, while the terrain will be segmented to regions with different monthly precipitation signatures. This effort will be valuable in assisting environmental decision support and agricultural planning in relation to water resources management.
Data and methods

Study area and Data
The study area corresponds to Greece (South-East Europe) which is confined between the 34 and 42 parallel North, with a meridional extent from 19 to 28 East and a total area of 14×10 4 km 2 . The area is described by Mediterranean climate: mild-cold and rainy winters, relatively warm and dry summers and, generally, extended periods of sunshine throughout most of the year (Hellenic National Meteorological Service, http://www.hnms.gr/hnms/english/climatology/climatology_html). The analysis was based on gridded climatic data which were obtained from the database of Hijmans et al., (2005) . The data provide mean monthly values of precipitation at 30 arc-sec spatial resolution ( 1×1 km) of the period 1950-2000 (http://www.worldclim.org/). The database also includes a revised version of the GTOPO30 DEM at 30 arcsec spatial resolution.
Methods
A set of three statistical methods such as correlation, principal components and k-means cluster analysis were combined in GIS environment for imagery analysis. Correlation analysis and principal component analysis (PCA) were used in order to reveal the temporal and spatial patterns of precipitation. PCA is a linear transformation technique that produces a set of images known as PCAs that are uncorrelated with each other while they are ordered in terms of the amount of variance they explain from the original image set (Maaten and Hinton, 2008) . PCAs are computed from the linear combination of eigenvectors and the corresponding pixel values of the initial images (Mather, 2004) . PCA has traditionally been used in remote sensing as a means of data compaction since it is common to find that the first 2 or 3 components are able to explain the majority of the variability in data values, while later components tend to be dominated by noise effects. The rejection of these later components reduces the volume of data with no appreciable loss of information (Siljestrom et al., 1997) . Standardized principal components analysis (Eastman and Fulk, 1993) is applied (data per month is centered with mean 0.0 and standard deviation 1.0) and so each image is not weighed according to its variance. K-means cluster analysis was used to partition the multi-temporal (12-dimensional) imagery of precipitation into K exclusive clusters. It begins by initializing cluster centroids, then assigns each pixel to the cluster whose centroid is nearest, updates the cluster centroids, then repeats the process until the stopping criteria are satisfied (Mather, 2004) . The analysis uses Euclidian distance for calculating the distances between pixels and cluster centroids. The underlying idea of cluster analysis is that the cluster centroids represent the mean expression of the derived clusters. Thus, clustering of the multi-temporal data sets is expected to define groups of pixels with a rather common centroid curve that expresses their average monthly variability (Miliaresis, 2009) . Elevation, latitude and longitude statistics per cluster are computed in order to assist interpretation. Finally the clusters are interpreted according to their centroid and their spatial arrangement (Miliaresis, 2014) . In the current implementation of the method, small clusters with area extent (occurrence) less than 0.001% were eliminated by merging them with larger clusters which are closest to their centroids, while the stopping criterion was defined as the percentage of the migrating pixels during a specific iteration (if it was less than 0.001% of the entire number of image pixels, the clustering was terminated). The maximum number of clusters is defined by a trial and error procedure while the maximum number of iterations is set equal to 300. 
Results and Discussion
Spatial variation of annual precipitation
The 30 arc-sec resolution maps of elevation H and mean annual precipitation P are given in Figures 1a and  1b , while their frequency distributions are given in Figures 2a and b . The precipitation map (Figure 1b) indicates that the highest annual P values are observed in western Greece due to the strong effect of the Pindos mountain range which constitutes a physical obstacle in the movement of vapour masses originated from the southern Alpine system of northern Italy. Apart from the high elevation regions (above 1000 m) in western Greece, other regions with high precipitation are observed in Crete and Rhodes islands located in Southern Greece where in the first case the White, Psiloritis and Dikti mountains (in Grete) and in the second case the Babadag, Uyluk and Bey mountains (western Taurus mountains range in Turkey near Rhodes) block the incoming vapour masses from the Libyan Sea leading to precipitation increase. The mean annual value of precipitation over Greece was estimated at 699 mm. 
Spatial and seasonal variation of monthly precipitation
The correlation matrix of the mean monthly precipitation P versus elevation H, latitude Lat and longitude Lon is quantified in Table 2 . Figure 3 indicates a positive correlation between P and H where the effects of elevation are minimized during winter. The correlation between P and Lat is positive during the warm-dry season and negative during the cold-wet season (October-March) ( Figure 3) indicating a seasonal shift of the system. Thus, P during winter tends to be higher in northern Greece while during summer tends to be higher in southern Greece. The correlation between P and Lon is always negative indicating a tendency for higher P in western Greece while its effects are minimized during winter (Figure 3) . In order to further interpret the monthly inter-correlations observed in Table 2 , principal components analysis (PCA) was implemented and the corresponding eigenvalues and eigenvectors are presented in Table 3 . According to the eigenvalues (Table 3) , the first two principal components (PC-1 and PC-2) account for the 92.8 % of the total variance observed in the 12 monthly P images. The PC-1 map (Figure 4a) is composed by linear combinations of monthly P images that amplify the difference between the periods of May-August (negative signs) versus October-April (positive signs) ( Table 3 ). The PC-1 is spatially maximised in the western and south-eastern Greece. For PC-2, the linear combinations of monthly P images amplify the difference between the periods of October-March and April-September. The difference between these two periods is spatially maximised in the north-western Greece and in the mountainous regions of Rhodope while it is minimized in the lowland regions of southern Greece and in the islands of Aegean sea. 4 . The first two principal components a) PC-1 and b) PC-2, that account for the 92.8% of the P variance according to Table 3 .
Terrain segmentation based on the spatial and seasonal variation of monthly precipitation
Cluster analysis provided 27 precipitation clusters where their spatial distribution is given in Figure 5 . Their centroids (latitude, longitude), their percent area extent, mean elevation and the variation of monthly precipitation are given in Table 4 . Considering the whole Greece, P is minimized during August and maximized during December, while the 27% of precipitation is observed during April to September (warmdry period) and the 73% during the October to March (cold-wet period) (Table 4 ). Clusters which present significant deviations from the aforementioned general trends or other particular characteristics are the following:
 Cluster 2 (with the greatest area extent) presents a) the lowest value of annual precipitation and b) the highest percentage of precipitation (41.6%) during the April-September period.
 Cluster 2 together with Cluster 1 and 5 cover approximately 39% of Greece and present the lowest values of annual precipitation (<600 mm year -1 ). It is indicative that these clusters include the plains of Macedonia, Thessaly and Thrace which host the majority of irrigated agricultural land in Greece.
 Cluster 24 (Rhodes island) presents α) 25% higher annual precipitation from the mean precipitation in Greece and b) the lowest percentage of precipitation (8%) during the April-September period.
 Clusters 10, 11, 12, 13 and 20 (north-western Greece) are of particular interest because they present the highest values of annual precipitation exceeding 1000 m year -1 .
 Clusters 3, 4, 6, 7, 9, 18, 22 and 27 cover the regions of the highest elevation (>900 m) providing significant information about the precipitation patterns in the mountainous areas.
 Clusters 1 and 3 are of particular interest because they present high geographical dispersion. 994 DEMERTZI et al. Figure 5 . The spatial distribution of the 27 precipitation clusters. 
